Binary systems, in particular eclipsing binaries, are essential sources of our knowledge of the fundamental properties of stars. The ages of binaries, members of open clusters, are constrained by their own fundamental properties and by those of the hosting cluster. The ages of eleven open clusters are here found by constructing models for the components of twelve eclipsing binaries. The difference between the ages we found and the ages of the clusters derived from isochrone fitting is up to 40 %. For the binary system V497 Cep in NGC 7160, the difference is about 100 %. Binary systems whose primary component is about to complete main-sequence life time, such as V453 Cyg and V906 Sco, are the most suitable systems for age determination. Using model results for these stars, we derive an expression for sensitive and uncomplicated relative age determination of binary systems (age divided by the main-sequence life time of the primary star). The expression is given as logarithm of radii ratio divided by a logarithm of mass ratio. Two advantages of this expression are that (i) it is nearly independent of assumed chemical composition of the models because of the appearance of the ratio of radii, and (ii) the ratios of radii and masses are observationally much more precise than their absolute values. We also derive another expression using luminosities rather than radii and compare results.
Introduction
Nature is full of signals displaying its past and present structure. Astrophysics is extremely specialized in detecting and extracting such signals from very noisy backgrounds. In this context, research on deep regions of stars is a real adventure. Our knowledge of the internal structure and evolution of stars is mostly based on model computations, which take into account and combine outcomes of almost all branches of modern physics. To test how well our stellar models represent real stars, very accurate observational constraints, such as mass, luminosity, radius, chemical composition, and rotational properties, are required. These constraints are obtained from observation of the outer regions, which depend on the physical conditions in the deep interior.
Time is one of the essential components of our universe. Understanding the evolution of the far and near Universe depends on how successful we are in determination of the ages of astrophysical objects. In this respect, every type of age determination is crucial for completing the picture. In this context, we consider the observed detached eclipsing binaries (DEBs) that are members of open clusters, to obtain some basic information pertaining to stars.
In the literature, thirteen well observed DEBs in twelve open clusters are found. Among these systems, V818 Tau in Hyades has already been investigated in detail by the author and his colleagues (Yıldız et al. 2006 ) and is therefore is not included here. The key point for stellar evolution is the increase in mean molecular weight, which causes contraction in nuclear core. The temperature of the core is increased by the heat released as a result of contraction, and hence nuclear reactions are intensified. This is the basic mechanism that controls the evolution and determines the time dependence of stellar structure. By constructing rotating (for the rapidly rotating components of DW Car) and non-rotating evolutionary models for the component stars in the DEBs, we obtain information about the age and chemical composition of the binaries and hence about their clusters. The information about age and chemical composition is deduced by fitting accurate values of luminosities and radii of component stars, if possible. We also obtain some simple expressions based on the slope of mass-radius and mass-luminosity relations for the binaries in order to find the age of binary systems easily. . The most widely used technique is based on the observed surface properties, which is also the method of the present study. The Sun, with its precise seismic and non-seismic constraints, is the first target to model for an upgraded code describing stellar interiors. The agreement between the solar models and observed constrains gives an idea of the quality of the code.
One can obtain the initial hydrogen (Xo) and heavy element (Zo) abundances and the mixing-length parameter of the Sun from the calibration of solar models, and use them when these quantities are not constrained for any star. In Yıldız (2008) , Xo, Zo and α are found as 0.70975, 0.016 and 1.82, respectively, for the solar model with heavy element mixture of Asplund, Grevesse & Sauval (2005) and with an age of 4.6 Gyr. The details of the code used in the model computations can also be found in Yıldız & Kızıloglu (1997) and Yıldız (2007 Yıldız ( , 2008 .
The remainder of this paper is organized as follows. In Section 2, we present the observational fundamental properties of the DEBs in open clusters available in the literature. The models of their components are given in Section 3, and the methods of age determination based on the slopes of mass-radius and massluminosity relations are presented and discussed in Section 4. Error analysis for age is presented in Section 5. Finally, we list some concluding remarks in Section 6. is not satisfied (see Section 3 and Table 3 ). Fig. 1 shows the observed Hertzsprung-Russell diagram (HRD) for the component stars of these eclipsing binaries. All the stars are either main-sequence (MS) stars or very close to the MS. The mass interval of the stars ranges from 1.54 (GV Car B) to 16.84 M⊙ (V1034 Sco A) and it covers a large part of the MS in the HRD from O-type to F-type stars. The ages of clusters vary between 5 My and 310 My. In the upper part of the MS in Fig. 1 , from left to right, the ages of stars increase as theoretically expected. This result shows that the time dependence of effective temperature is more significant than any other second order dependence (e.g., chemical composition, rotation), at least for these stars. The eleven clusters hosting the studied eclipsing binaries are at distances ranging from 150 (Pleiades) to 2327 pc (NGC3293). Number of stars in the clusters observed by UBV photometry is good enough to estimate the ages of the clusters by isochrone fitting. The WEBDA ages taken from different studies vary. These binaries have attracted attention in recent years. None of them is among the well known binaries in Andersen (1991) . However, six of them (V453 Cyg, V578 Mon, V906 Sco, V392 Car, V1034 Sco and DW Car) are listed in the recent compilation by Torres et al. (2010) . Here we shall compare the basic properties of the stars in Table 1 with that of given in Andersen (1991) .
Observational Data of the Binaries in Open Clusters
The slope of the mass-luminosity relation derived using the data in Table 1 is 3.89. This means that
For the same mass range, we find L ∝ M 4.02 for the DEBs with the most precise data on the fundamental properties (Andersen 1991 ). These two values for the power of M are very close to each other. The slope of the mass-radius relation of the stars in Table 1 is found as 0.704. That is to say R ∝ M 0.704 . For the wellknown eclipsing binaries (Andersen 1991), we find that R ∝ M 0.82 . The slopes we find for the mass-radius and the mass-luminosity relations for binaries given in Table 1 Star Table 3 ).
Ages of the Clusters from Models of the Component Stars in the Eclipsing Binaries
Thw age of a binary system can be found from the solution of two equations based on the coevality of the component stars with two unknowns. One of the equations is written for the difference between the ages of the two components of the binary based on observed luminosities:
where tLA and tLB are ages found from luminosities of primary and secondary components, respectively. The other equation basewd on the radii:
where tRA and tRB are ages from the radii of primary and secondary components, respectively. From the assumption of coevality, ∆tL = ∆tR = 0. Using numerical derivatives of ∆tL and ∆tR with X and Z, we solve these equations and find X and Z. In general, we find that different combinations of X and Z for a given binary give similar results; thus, the solution is not unique. If it is not possible to obtain an acceptable solution to Eqs. (2) and (3) for a binary system, then we either use one of these equations or fit the model of one of its components to observed values. In the following subsections, interior models of the component stars in Table 1 constructed using the stellar evolution code described in Yıldız & Kızıloglu (1997) and Yıldız (2007 Yıldız ( , 2008 are presented. From these models, the ages and chemical composition of the binaries are obtained if possible.
On the Fundamental Properties of Components of V615 Per and V618 Per
In this subsection, we consider the binary systems V615 Per and V618 Per in more detail. Their components give very different ages. The reason for this difference shoul be investigated. For V615 Per, we compare its components with those of V618 Per and find that the luminosity of V615 Per B is lower than is exppected for its mass. If we assume that the power of mass is 4 for the slope of the mass-luminosity relation, then log(LB/L⊙) = 2.02, which is larger than the value found from observations with by amount of 0.2. Since the slope of the mass-radius relation for the components of V615 Per and V618 Per seems reasonable, we deduce that the effective temperature of V615 Per B should be larger than the value found by Southworth, Maxted & Smalley (2004a). As a matter of fact, the results they give for the effective temperatures of V615 Per B (MB = 3.18 ± 0.05 M⊙) and V618 Per A (MA = 2.33 ± 0.03 M⊙) are the same, despite the very different masses. Reasonable models for the components of V618 Per are obtained with Z=0.01 and X=0.735. In the HRD, the positions of the models at the ages of the cluster given in WEBDA and by Kharchenko et Table 2 .
The accurate values of the components of V615 and V618 Per given in Southworth (2004a) do not exactly obey L = 4πR 2 σT 4 eff . According to Southworth (private communication), this arises because the same distance for the two components of a DEB is enforced in the light-curve analysis. For the system V615 Per, however, the problem is with V615 Per B, particularly with its effective temperature. For its log(L/L⊙) = 1.82 and R/R⊙ = 1.903 values, its effective temperature should be 12000 K rather than 11000 K. The suggested values are given in bold style in Table 3 .
For age determination of these systems, we use observational radii of the component stars as constraints for their interior models, because of the complicated luminosities and effective temperatures. The age of these systems is roughly estimated as 20 My. V615 Per B seems to be a MS star at this age.
On the Fundamental Properties of Components of V906 Sco
The difference between the masses of the components of V906 Sco is not very large but the primary component is a TAMS star and therefore very appropriate for age determination. The ages are found from the solution of Eqs. (2) and (3), based on the coevality of the component stars. We solve these equations and find X and Z. Using different reference models, we obtain very different combinations of X and Z, hence the solution is not unique. However, the ages found from luminosities and radii of V906 Sco A and B are very close to each other. For the three cases given in Table  4 , the age found from RB (the last column) is slightly less than the others. The mean value of ages is 252 My. Without tRB it is 256 My.
V578 Mon
This system has the lowest values for slopes of the mass-luminosity and the mass-radius relations among the systems with the early-type components: lm = log(LA/LB)/ log(MA/MB) = 2.6, rm = log(RA/RB)/ log(MA/MB) = 0.55. This means that either the observational values of LA and RA are very low or the the observational values of LB and RB are very high, compared to the values expected for their masses. The influence of this point on the age determination of the system is crucial.
Abundances of some heavy elements (including C, N and O) are found from disentangled spectra by Pavlovski and Hensberge (2005) . The oxygen is underabundant by about -0.10 dex. If we take the solar Zs = 0.0122 (surface heavy element abundance), then Z0 of NGC 2244 is about 0.01. The chemical composition and age of the binary systems derived from the calibration of models. The ages we find are listed in the fourth column. For comparison, the ages of the clusters given in the WEBDA database and by Kharchenko et al. (2005) are also presented. The seventh column reports the MS life time of the primary components of the binary systems. In the eighth column, the age found from the ratio of radii of the component stars is shown (see Section 4). The ages found from the fitting formula given in Eqs. [6] [7] [8] [9] From the models of the component stars with solar composition (Xo = 0.70975, Zo = 0.016), we find the agreement time for the quantities LA, LB, RA, and RB. While tLA and tRA are about 3.5 My, tLB and tRB are about three and two times larger than 3.5 My, respectively. The reason for the small radius of V578 Mon A or large radius of V578 Mon B may be the accuracy of the data. However, if this is not the case then this system has some interesting features which are beyond the standard models, for example, existence of rapidly rotating core for V578 Mon A (Yıldız 2003 (Yıldız , 2005 or rotational mixing (Meynet & Maeder 2000) . Within the standard approach, the present data implies that V578 Mon B is more evolved than V578 Mon A. The compatible radius for V578 Mon A based to its mass is about 6 R⊙, which is 15 % larger than the observed value. Assuming the same effective temperature as given by Hensberge et al. (2000) , the increase in luminosity of V578 Mon A due to the increase in its radius is about 30 %. For this radius and luminosity, the age of the system is found as 6 My from the models of V578 Mon A and B with Z=0.01 and X=0.710. Hensberge et al. (2000) shows that the position of V578 Mon A in HRD corresponds to 11 M⊙. This may be a manifestation of the rapidly rotating cores of early type stars.
V392 Car
The masses of the components of V392 Car are very close to each other: MA = 1.90 ± 0.02 M⊙, MB = 1.853 ± 0.02 M⊙ (Debernardi & North 2001) . In Table  5 , the ages found from the luminosities and radii for different combinations of X and Z are listed. For such systems with similar components, small differences due to uncertainties in the observed quantities may lead very different results in model computations. However, the observed values of the radii of the component stars are very accurate and provide an opportunity to determine the age of the system very accurately. The models with X = 0.6837 and Z = 0.0178 predict very close ages for V392 Car A and B (126 and 122 My, respectively). The adopted value for the age, 124 My, is the mean of these values.
Debernardi & North It is not possible to fit models of V1229 Tau A and B to the observed properties simultaneously. Therefore, we find age of the system by considering V1229 Tau A and B separately. Table 2 .
V453 Cyg
Recently, precise fundamental properties of V453 Cyg A and B have been presented by Southworth, Maxted & Smalley (2004b) . However, there is a contradiction in their results. According to the radii and effective temperatures of the components, the luminosities must be lower than the published values; in their Table 11, they give log(LA/L⊙) = 4.69 and log(LB/L⊙)=4.24 but we compute the luminosities from the radii and effective temperatures given in that table and find that log(LA/L⊙) = 4.513 and log(LB/L⊙)=4.056. The correction in log(L) is about 0.18; about 50% (see Table 3 ).
From the calibration of model radii of V453 Cyg A and B for X=0.700, we find the age of the system as 10. Pavlovski & Southworth forecast the helium abundance as 0.086 and 0.123 dex, depending upon the method for derivation of microturbulence velocity. For these helium abundances, very similar ages are found: for 0.086 dex, Z=0.0113 and the mean age is 10 My; for 0.123 dex, Z=0.0163 and the mean age is 9 My. 
V381 Car (HD 92024)
V381 Car A is a β Cep for which three oscillation frequencies are observed with l=2 and 4 (Freyhammer et al., 2006) . Despite the large uncertainty in the fundamental properties of its components (Freyhammer et al., 2005) , it is a normal system with its slopes for the mass-radius and mass-luminosity relations given as 0.861 and 3.4894. From the fit of model radii and luminosities to the observed values, with X=0.738 and Z=0.0258, we find that tLA = tRA = 10.8 My and tRB=9.8 My. The age of the system is found as 10.5 My, the average of these values. This age is in agreement with the age range (10-13 My) estimated by Freyhammer et al. (2005) .
The chemical composition found from fitting interior models of V381 Car A and B is very different from that of the other binaries in the sense that both of X and Z are greater than the solar values. This may be a result of the over-estimated masses of V381 Car A and B.
V1034 Sco
It is a normal system with its slopes for the massradius and mass-luminosity relations of 0.9876 and 3.5728, respectively. From the fit of model radii and luminosities to the observed values, with X=0.6961 and Z=0.02255, we find that tRA = tRB = 5.64 My, tLA=5.72 My and tLB=5.05 My. The age of the system is computed as 5.51 My by taking average of these values. Bouzid et al. (2005) confirm that the age of the system is about 5 My, in good agreement with the findings of the present study.
DW Car
At first sight, this system seems a normal system with slopes for the mass-radius and mass-luminosity relations of 0.9120 and 4.9858, respectively (Southworth & Clausen, 2007) . According to the radii, the components of DW Car are unevolved MS stars and very close the zero-age MS (ZAMS). However, the luminosity derived from the observation implies that DW Car A is an evolved MS star. No simultaneous solution is available for the luminosities of DW Car A and B. From their radii, the age of the system is calculated as 5.22 My. The non-rotating models giving this age are constructed with X=0.6934 and Z=0.01063. However, DW Car A and B are fast rotators; veqA = 182 ± 3 km s −1 and veqB = 177 ± 3 km s −1 . Therefore, models rotating like a solid body are also constructed for them. The calibration of rotating models results in nearly the same age, 5.31 My. The hydrogen and metal abundances for the rotating models are X=0.6951 and Z=0.0078, very close to that of non-rotating models. Southworth & Clausen (2007) reported similar results: about 6 My, Z ≃ 0.01.
GV Car
This system consists of two metallic-line stars and it shows apsidal motion. From the calibration of models of the components, with X=0.7046 and Z=0.0104, we estimate that tRA =324 My, tRB = 372 My, tLA= 295 My and tLB=302 My. The age of the system is found as 322 My. Southworth & Clausen (2006) give a very similar age for GV Car, 360 My.
Mass and Time Dependence of the Mass-radius and the Mass-luminosity Relations
The luminosity and radius of a non-rotating star are function of its mass, chemical composition (X and Z), and age:
Changes in X and Z shift the evolutionary track of a model for a given mass in HRD. Despite the varia- tion in positions of ZAMS and TAMS points according to chosen values of X and Z, ratio of TAMS to ZAMS luminosity is independent of X, Z and stellar mass: the logarithmic luminosity difference, ∆ log(L) = LTAMS − LZAMS)/LTAMS, is constant. In Table 6 , ∆ log(L) and ∆ log(R) for the models of V906 Sco A and GV Car A are given in the fourth and the fifth columns, respectively. For very different combinations of X and Z, the differences are between 0.42 and 0.46: the ZAMS luminosity (radius) is about 44 % less than the TAMS luminosity (radius), at least for the early-type stars. Consider a binary system whose component masses are very different, so that the massive component is near the TAMS and the low-mass is still near the ZAMS. For such a system, the luminosity ratio (LA/LB) is at a maximum. It was at a minimum when both of the components were near the ZAMS, and gradually increased with time. This is the case also for the ratio of the radii of the components. In this section, we discuss variations of radii and luminosity ratios with time and then develop two methods for age determination of eclipsing binaries.
As stated above, the mass-luminosity relation is not constant and mainly depends on the stellar mass and it increases with time. In Fig. 2 , the luminositymass ratio (lm = log(LA/LB)/ log(MA/MB)) obtained from the models with values given in Table 2 is plotted with respect to the relative age in MS (t/tMSA). Whereas lm increases with time, there is an inverse relation between lm and MA. Near the ZAMS, lm varies between 3 and 4 and takes values between 4 and 5 near the TAMS. In principle, lm is very useful for predicting the age of a system if its accuracy is good enough.
The MS life time of the primary stars tMSA, given in the seventh column of Table 2 , is mainly a function of MA, despite very different chemical composition found for the DEBs. From a fit to the MA-tMSA relation we find that tMS = 3.37 × 10
Age Determination from the Slope of the Mass-radius Relation
The slope of the mass-radius relation rm = log(RA/RB)/ log(MA/MB) is also a function of the primary mass and time. In Fig. 3 , rm is plotted with respect to t/tMSA. From the curves in Fig. 3 , we determine the relative age of the binary systems by using the observed values of rm. Multiplication of relative age of the primary component of a binary system by tMSA gives us age of that binary. The ages (trm) of all the binaries computed with this method are listed in the eighth column of Table 2 . In Fig. 4 , these ages (filled circles) are plotted with respect to the ages from fitting interior models of component stars to the observed accurate values (the fifth column in Table  2 ). For comparison, the ages found by Kharchenko et al. (2005) are also shown (circle). There is in general a good agreement between the ages, except for V618 Per and V578 Mon. The observed value of rm is very high for V618 Per and low for V578 Mon, in comparison with the model values. For V578 Mon, Garcia et al. (2010) report that they find a different value for the secondary radius. The difference may significantly influence the observed value of rm.
The age of V1229 Tau is computed as 124 My by using rm from Munari et al. (2004) . rm from Southworth et al. (2005) gives age of the system as 97 My.
The precision of the ages found from the massradius curves depends on how sensitive the relative age is to chemical composition. In Fig. 5 , rms derived from models of V618 Per A and B with different chemical compositions are plotted with respect to the relative age t/tMSA. For X=0.705, there is a perfect agreement between rms of models with Z=0.01 (thin solid line) and Z=0.02 (dotted line). We shall also compare rm values of models with the same Z but different X. rm of models with X=0.735 and Z=0.01 (thick solid line) is slightly less than that of the models with X=0.705 and Z=0.01. The agreement between the three curves of rm is good enough to suggest that relation between rm and relative age relation is almost independent of chemical composition. For the precision of the ages, the sensitivity of tMSA to chemical composition is also important. As given in Eq. 4, tMSA is a very strong function of stellar mass. The secondary effect of Z on tMSA behaves as tMSA ∝ (Z/0.015) 0.43 and is neglected in the present study.
Simple Expressions for the r mage Relation
The time dependence of rm of binary systems with very different masses and chemical compositions is very similar and therefore can be used to estimate the age of a binary system. To do this, the time variation of rm is fitted with an equation of the form
According to MA of the binaries, the curves of rm in Fig. 3 separate essentially into two groups. The rm values of the binaries with MA <3.4 M⊙ take place in the lower part, and those with MA > 3.4 M⊙ appear in the upper part of Fig. 3 . Near the ZAMS of the primary component, rm is about 0.4 for MA < 3.4 M⊙ and 0.6 for MA greater than 3.4 M⊙. It increases with time and reaches a value between 1.6 and 2.4. It seems that rm is a better indicator of binary system age than lm. For example, age of a system with rm = 1 is about half of the TAMS age of the primary component. For more accurate ages, two fits for the two mass ranges are made to the curves in Fig.3. 
DEBs with Relatively Low-mass Pri
In order to increase the precision of Eq. (5), we derive two expressions for low and high values of rm.
For the three binary systems with MA < 3.4M⊙, namely, V618 Per, V1229 Tau (HD23642) and GV Car, three separate fits are made to the curves in Fig. 3 by using Eq. 5. Then, the mean values of the parameters (a, b and n) given in Eq. 5 yield for rm > 1.0. (7) The ages of V1229 Tau and GV Car computed from these expressions (t rmf ) are given in the ninth column of Table 2 . They are in good agreement with the ages found by other methods.
DEBs with Relatively High-mass Pri
Using Eq. 5, two fits are applied to the curves of V615 Per, V497 Cep and V453 Cyg given in Fig. 3 according to the value of rm. We compute the average values of the parameters a, b and n. From these values, the expressions for age as a function of rm are obtained: For V615 Per, rm = 0.747 and Eq. (8) gives its age as 27.1 My. These two expressions are used to determine age of the binary systems whose MA greater than 3.4 M⊙ (see Table 2 ). The fitting formula given in Eqs. 6-8 are not valid for V381 Car because of the large mass difference between its components. They are also not applicable to binaries with very similar components. For V392 Car, for example, the mass (2.47%) and radius (1.54%) differences between its components are so low that the fitting formula gives an age two times greater than the ages found by other methods. The situation for DW Car is better than V392 Car. The mass (6.26%) and radius (5.73%) differences between the components of DW Car are big enough to predict a reasonable value for age. For V906 Sco, however, there is a big difference between the radii of the components which gives so great value for rm that we deduce that the age is about t rmf = tMSA = 253My.
The rm curve of V1034 Sco (× in Fig. 3 ), which has the highest primary mass (MA= 16.84M⊙) of the stars studied, is slightly different from the rest. It is in the upper part during the early MS phase as that of the other binaries with MA > 3.4 M⊙, and joins later on the curves for binaries with MA <3.4 M⊙. Therefore, the expressions given in Eqs. 6-7 shoul be used rather than Eqs. 8-9 for MA > 15 M⊙ when the relative age is greater than 0.5.
The new expressions proposed above were additionally tested for selected eclipsing binaries. The age 
Age Determination from the Slope of the Mass-luminosity Relation
We also derive an expression to determine age from the ratio of luminosities:
This expression gives acceptable ages for only the five binary systems (V453 Cyg, V497 Cep, V381 Car, V1034 Sco and GV Car). The reasons might be that the ratio of luminosities of component stars derived from the light curve of a binary system may not be as accurate as the ratio of radii. The dependence of lm on MA is also as important as its time dependence (see Fig. 2 ).
4.4 Does an r m -relative Age Relation Implicitly Exist in the Literature?
The time dependence of rm is not considered in the previous studies in the literature. However, this dependence also exists in Pols et al. (1997) , for example, though the authors are not aware of it. In Fig. 6 , rm is plotted with respect to the ages they find (in units of MS lifetime of the primary components) for the well known binaries (Andersen 1991) . In order to avoid complications, the binaries with MA > 1.5 and significantly different components (difference between masses of the components is greater than 10%) are considered. The mass range is 1.56-9.245 M⊙. The solid line shows the fitted curve for this data using Eq. 5. The dotted line represents the rm of V497 Cep, already plotted in Fig. 3 . The agreement between the two curves is amazing.
The Uncertainty in the Ages of the Binaries
The ages of stars we have found involve many uncertainties, based on the model ingredients (e.g., opacity, nuclear reaction rates, equation of state) and the observational quantities. It is very difficult to compute the uncertainty due to the former and therefore we take care in calculating the uncertainties resulting from the latter in our error analysis. The uncertainty in the ages (∆t) derived from the luminosities and radii of component stars is the time interval in which evolutionary tracks of both components stay within the corresponding error boxes in luminosity-radius (L-R) diagram. The values of ∆t for the binaries are given in the third column of Table 7 . For a binary system whose age is derived from its primary component, the uncertainty is also computed from that star. Within the context of our approach, the uncertainties are reasonably small. We also compute uncertainties for the ages (∆trm) derived from the ratio of the radii (rAB = RA/RB). The uncertainty in the mass ratio appearing in the denominator of rrm is usually very small for well-measured binary systems. The values of ∆rAB are available in the literature and given in the fifth column of Table  7 . The error in age due to uncertainty in the ratio of the radii is given in the seventh column of Table 7 . The uncertainty in the relative age (∆t rel = ∆t/tMSA) derived from the ratio of the radii (rAB = RA/RB) is computed using ∆t rel = ∆rAB (∂rAB/∂t rel ) .
The derivative of the ratio of radii with respect to the relative age in Eq. 11 is obtained from the models around the relative age of each binary system. As the masses of component stars are close to each other the derivative is negligibly small and therefore the uncertainty in age is very large. This is the case for the binary systems whose components are very similar: V906 Sco, V392 Car and DW Car. Except V615, the rest of the binary systems have very small uncertainties for their ages. For V615 Per, the reason for the large uncertainty is the large value of ∆rAB.
Conclusions
Our current understanding of the evolution of our far and near universe depends on accurate age estimates for astrophysical systems. The stars are the main constitutes of these systems, whose ages are essentially determined from comparison of their observed and model properties. Rotating (for DW Car A and B) and nonrotating models for the components of the eclipsing binaries, members of open clusters, are constructed to derive the ages and chemical compositions of the binaries and hence the clusters. The largest difference between the ages we found for the eclipsing binaries and the ages given by Kharchenko et al. (2005) for the clusters occurs for the V497 Cep binary system in NGC 7160, where the difference is about 100 %. For the remaining systems the difference is less than 40%.
The binary systems such as V906 Sco in NGC6475 and V453 Cyg in NGC 6871 are the most suitable systems for age determination: their primary components are about to complete their MS life time and the secondary components are near or not far from the ZAMS. For such systems, despite equivalent solutions with very different chemical compositions, the ages are very close. For the three different solutions with metallicity 0.014-0.017, the age of V906 Sco is in the range 252-254 My.
The slope of the mass-luminosity relation for a binary system depends on mass of its primary component MA, if MA is less than about 10 M⊙. The value of lm = log(LA/LB)/ log(MA/MB) near the ZAMS is 4 for MA=2.5 M⊙, 3.5 for MA=6.89 M⊙ and it drops to a minimum value of 3 for MA=10 M⊙. For binary systems with MA greater than 10.M⊙, lm = 3 near the ZAMS and reaches to 4.3 near the TAMS age of their primary component.
The slope of the mass-radius relation changes with time more meaningfully than the slope of the mass-luminosity relation, so is more suitable for estimating the age of the system once it is calibrated. If rm=1 for a system, its age is about half of the MS lifetime of its primary (massive) component. We have derived simple expressions to estimate the age of a binary system from the slope of mass-radius and massluminosity relations. In particular, the expressions for the slope of mass-radius relation give very reasonable results (trm). Eqs.(6)-(9) can be used to predict age of any binary system if the radii and masses of its components are known. The new expressions are tested for the eclipsing binaries HD 42401 and V539 Ara and give excellent results for their ages. The advantage of these expressions for the relative age (t/tMSA) is that they are independent of chemical composition. 
